This paper investigates the asymmetric and nonlinear transmission of financial and energy prices to US five-year financial CDS sector index spreads for the banking, financial services and insurance sectors in the short-and long-run over the recent periods revolving around the global financial crisis. We employ the nonlinear ARDL model (NARDL) to account for the short-and long-run asymmetries in the sensitivity of those CDS sector index spreads to their determinants. Our findings suggest that there is evidence of short-and long-run nonlinearities and asymmetries in the adjustment process of the three CDS variables. There are also shortand long run asymmetries in the influences of macroeconomic and financial variables on the CDS sector spreads. These findings are important for policy-makers who deal with credit risks at the sector levels.
Introduction
Many scholars, financial analysts and policymakers hold the financial institutions and government regulators responsible for issuing or allowing too many credit derivatives that generated too much risk in many global economies. The most important part of the credit derivatives are the credit default swaps (CDS), which have become complicated assets that spread risks around the world' financal sectors instead of serving as hedging instruments. A CDS index is a highly liquid, standardized credit security that trades at a very small bid-ask spread. CDSs can be efficient in processing information on evolving risks in the financial sectors and the rest of the economy (see Norden and Weber, 2004; and Greatrex, 2008 among others) . The magnitude of the financial credit spreads gauges the default risk exposure of the institutions that make up the financial sectors. A widening in a CDS spread in response to certain credit events indicates an increase in the level of credit risk in the pertinent financial/economic sector, while a narrowing in the spread reveals a decrease in the credit risk. Moreover, in bad times the risk in the CDS markets can be exponential and in this case the strategy that the premium cover the risk does not work.
During the recent global financial crisis (GFC) the risk initially emigrated from the financial institutions such as AIG to the real sector firms such as GM, followed by counter risk migration. The problem affected the derivative markets, corporate bond markets and money markets. Given the roles played by the financial institutions and the consequences of the recent global financial crisis, this paper is motivated to examine the dynamic behavior of the CSD spread sector indices for the banking, financial services and insurance sectors as well as other measures of risk that are related to those financial spreads in periods that include the pre-and post-the financial crisis.
Financial CDS sector indices may be influenced differently by shocks and credit events because of differences in the investment space of banks, financial services companies and insurance companies that make up the financial sectors. Banks receive deposits and specialize in making loans, while financial services companies are not depository institutions and invest in more risky credit assets such as low grade investments and high yield corporate bonds.
Insurance companies focus more on less-risky fixed income investments, are more conservative than banks and financial services institutions and also sell CDS protection contracts. They issue bonds and insure the investors who buy them, and therefore may have double CDS risk in case of defaults. Therefore, one sector may react more or less than other sectors to credit events that might affect their own sectors as well as the overall economy.
Banks may react less to a business bankruptcy or a financial regulation than other financial institutions. There are several pressures within the financial sectors that lead to different risk reactions. There are pressures related to liquidity which should have differential impacts on the financial sectors' CDS indices. There are also pressures related to inflation expectation and market risks.
The purpose of this paper is to investigate the long-and short-run linkages between sector CDS index spread dynamics for CDS_Banks, CDS_financial service and CDS_insurance in a nonlinear setting that includes a set of explanatory macroeconomic and financial variables namely the 3-month Libor, the federal funds rate, the Treasury bill rate, VIX and WTI. To achieve this purpose, we employ the recently developed approach the Nonlinear Autoregressive Distributed Lags (NARDL) model that allows one to test for long-and shortrun asymmetries. Moreover, unlike the standard cointegration techniques (Johansen and Engle-Granger), this model permits one to test for hidden cointegration and use time series that have different orders of integration, i.e., I(1) and I(0). The computation of asymmetric dynamic multipliers allows one to quantify the respective responses of the sector CDS spreads to positive and negative changes in each of the explanatory variables through estimating the positive and negative partial sum decompositions of these variables. Therefore, this article contributes to the existing literature by addressing nonlinearity and asymmetry in modeling the time-variations in the financial CDS sector index spreads, taking into account the onset of the recent global financial crisis (GFC), and the influence of economic and financial variables. In contrast to the existing literature on CDS sector indices, this study employs the NARDL model which has all the benefits and advantages described above. Specifically, an important advantage of the NARDL model is that it can combine I(0) and I(1) variables, making the 'bounds test' appropriate to assess the presence of long-run relationships between the variables under consideration (Banerjee, Dolado and Mestre, 1998; Pesaran, Smith and Shin, 2001 ). This approach also allows for computing in a simple manner the responses of CDS sector spreads to a shock in each of the control variables we use. The zero threshold allows to assess accurately the impact of a positive and negative shocks to the control variables on the CDS spreads. Thus, this nonlinear model offers a more general framework than the linear counterpart because it accounts simultaneously for several stylized patterns of financial series including nonlinearity in the short-run, nonlinearity in the long-run and common movements. Including all of these patterns in a unique model is very helpful to analyze the links between the financial time series and their forcing factors, without omitting any relationships that may be defined by an unknown true Data Generating Process (DGP).
The study also includes risks in the equity market among the macroeconomic influences on the CDS sector index spreads. This paper is organized as follows. Section 2 provides a review of the related literature.
Section 3 presents the methodology and the data. Section 4 discusses the empirical results.
Section 5 concludes with a discussion of limitations of our empirical methodology and some possible extensions.
Related literature
A number of studies have investigated the dynamic movements in credit default spreads (e.g., Longstaff et al., 2005; Berndt et al., 2008; Raunig and Scheicher, 2009; Zhang et al., 2009; Hammoudeh et al., 2013) . For example, Hammoudeh, Nandha and Yuan (2013) examine the movements of the CDS indices for the three financial-sectors, banking, financial services and insurance in the short-and long-run and find that the individual dynamic adjustments to the equilibrium are different for those sectors.
Other studies examine the CDS spreads as pure measures of credit risk (e.g., Bharath and Shumway, 2008; Blanco et al., 2005; Ericsson et al., 2006; Ericsson et al., 2009) or analyze the relationships between equity, bond and credit markets using time series instead of crosssectional data (e.g., Bystrom, 2006; Zhu, 2006; Fung et al., 2008; Forte and Lovreta, 2008; Norden and Weber, 2009 ). For example, Berndt et al. (2008) investigate the variations in the risk premium that comprises a major component of the CDS spreads for the US corporate debt in three sectors: broadcasting and entertainment, health care, and oil and gas for the period 2000-2004. The authors find remarkable variations in the risk premium in those sectors over the period 2002 -2003 . Blanco et al. (2005 , using a small sample of US and European firms, find support for the theoretical arbitrage relationship between CDS prices and credit spreads on average. When this relationship is violated, the CDS index spread can be considered as the upper bound for the true credit risk price, while the credit spread can be viewed as the lower bound. The results thus suggest that the CDS is the main forum for credit risk price discovery. Bystrom (2006) investigates the properties of the Dow Jones iTraxx index which is an index of CDS securities on 12 European reference entities. This author finds that CDS spreads are significantly autocorrelated in the seven sectors comprising the iTraxx index, and also are significantly negatively related to the contemporaneous stock returns in all sectors except energy, consumers, and financials. Norden and Weber (2009) examine the monthly, weekly and daily lead-lag relationships between CDS, bond and stock markets, using autoregressive and vector error-correction models over the period [2000] [2001] [2002] . They find that stock returns lead the changes in CDS and bond spreads, and that changes in CDS spreads Granger-cause changes in bond spreads for a higher number of firms than the other way around. These results suggest that the CDS market is more sensitive to the stock market than the bond market, and that this sensitivity increases for the lower credit quality. In addition, the CDS market contributes more to price discovery than the bond market and this result is stronger for the U.S. than for European firms.
Stanton and Wallace (2011) Some more recent studies recognize that the dynamics of CDS spreads may be nonlinear, asymmetric and exposed to regime shifts due to frequent turbulences and extreme market conditions. In this regard, Hammoudeh et al. (2013) However, those authors do no account for other measures of financial stress and credit risks such as the default risk spreads and the expected volatility risk.
Methodology and data

Empirical model
The previous literature related to the CDS spreads has so far provided mixed results regarding the short-and long-run links between the CDS spreads and their financial and economic determinants. For instance, Game and Wu (2013) (2004) provide mixed results regarding cointegration between CDS, bond and equity markets. The above findings could be due to the inadequacy between the selection of a given methodology and the true Data Generating Process (DGP). In fact, it is argued that results of the Johansen cointegration test are sensitive to the structure of residuals (Hansen, 1992) . Also, it is misleading to test for linear cointegration, while the true cointegrating system behaves in a nonlinear manner (Nesmith and Jones, 2008) . Moreover, standard cointegration tests do not capture the possible hidden cointegration between the time series under consideration. Hidden cointegration arises when CDS spreads may have relationships with only certain components of their determinants such as the 3-month Libor, the federal funds rate, the 3-month Treasury bill rate, the S&P equity index implied volatility (VIX) and the 3-month Western Texas Intermediate (WTI) crude oil futures (Granger and Yoon, 2002) .
The recent literature on cointegration has introduced a novel and more flexible methodology that allows for simultaneously accounting for unobserved cointegration, and short-and long-run cointegration. This methodology is based on the use of the extended ARDL model that accounts for asymmetry in the short-and long-run (Phillips and Hansen, 1991; Pesaran, Smith and Shin, 1996) . The most general NARDL model with short-and long-run asymmetries can be written as follows:
where j stands for ban, fin and ins, p = 2 for CDS_ban, CDS_fin and CDS_ins, q = 6 for CDS_ban and 5 for CDS_fin and CDS_ins.
Data description
Our dataset consists of monthly five-year CDS sector index spreads for the three financial sectors banks, financial services and insurance of the U.S. economy. We consider the time series of these sector CDS indices as the response variables. As for the shock variables, we collected data for the 3-month Libor (libor), the 3-month Treasury bill rate (tb), the federal funds rate (ffr), the S&P equity index implied volatility index (VIX) and the 3-month WTI crude oil futures price. Data is collected from DataStream and covers the period of January, 2004 to May, 2014. Investors track the CDS represented in CDX/VIX ratio to foresee credit crises and possible crashes in the stock markets. Table 1 provides the summary statistics of the CDS and control variables used in this study, Figure 1 plots the evolution of those variables over time. because it includes several crises which may induce a significant nonlinearity in the short-and long-run adjustments of the CDS spreads since the CDSs are highly liquid and used to hedge against credit risk in the credit derivatives market. In addition, the CDS's in the considered period have moved from protection to speculation as sellers and buyers of those CDS's were no longer owners of the underlying credit asset (loan or bond), but were just betting on the possibility of a "credit event" of a specific asset such as bankruptcy, restructuring or default (Zabel, 2008) .
Shock variables
We consider five control variables (Libor, tb, ffr, VIX and WTI) . It is well known that when the inter-bank market is more liquid than the CDS market the CDS spread will be larger VIX is considered as a proxy for the country's macroeconomic risk which is found to explain significantly changes in credit default swap spread after controlling for macroeconomic variables and firm-specific covariates (Che and Kapadia, 2012) . The oil price is shown to have an important impact on economic and financial variables either through direct or indirect channels. In particular, Arouri et al. (2014) argue that the oil price -among the other control variables the federal funds rate, VIX, the oil price and TED has the most pronounced nonlinear effect on the CDS spreads in the banking-insurance sector. In the short-run, the federal funds rate and the Treasury bill rate affect asymmetrically the sector CDS index spreads. This asymmetric impact is more pronounced on the CDS_Banks and the CDS_Insurance (significant at the 5% level) than on the CDS_Financial Service (significant at the 10% level). In addition, VIX shows an asymmetric short-run impact on the price dynamics of the CDS_Insurance.
Empirical results
The results in Table 2 
The results in Table 3 indicate that overall the estimated NARDL models are stable as the coefficient related to the lagged CDS sector spreads is negative and statistically significant in all cases. The 3-month Libor has no long-run effects on the CDS_banks, while it has a highly significant long-run effect on the CDS_Insurance and a weakly significant long-run effect on the CDS_Financial service. The oil price has no long-run effect on the CDS indices, while VIX has a highly positive long-run impact on those indices, indicating that an increase or a decrease in VIX or fear in the stock market causes the CDS indices to move up as investors seek more protection against the higher volatility. It is possible that speculators who do not primarily seek protection and may not own the underlying event assets for the CDS's may also drive the CDS spreads up.
Positive changes in the federal funds rate and the Treasury bill rate have no long-run effects on the sector CDS spreads, while the negative changes in the federal funds rate have a significant positive long-run effect on those spreads. On the other hand, the negative changes in the Treasury bill rate have a significant negative long-run effect on the spreads. This
indicates that a decrease in the federal funds rate leads to a decrease of CDS indices, while a decrease in the Treasury bill rate leads to an increase in the CDS indices. Notes: The asterisks ***, ** and * indicate significance at the 1%, 5% and 10%, respectively.
Asymmetric dynamic multipliers
Figures 2-4 depict the asymmetric adjustments from an initial long-run equilibrium to a new long-run equilibrium after a unit negative and positive change affecting either the 3 month Libor rate, the federal funds rate, the Treasury bill rate, VIX or WTI. The asymmetry curve shows a linear combination of the dynamic multipliers associated with positive and negative shocks. The positive change and the negative change curves indicate the adjustment paths after a positive and a negative change, respectively, in a shock at a given forecasting horizon. The lower and upper bands indicate a 95% confidence interval for asymmetry.
The CDS_Bank index reaches a new equilibrium after approximatively 5 months after a positive or a negative unitary shock to federal funds rate or VIX occurs, while a new equilibrium state is reached after 15 months after a positive or negative unitary shock strikes WTI. Regarding the adjustment path of the CDS_Bank index following a unitary positive or negative shock to the federal funds rate, it is shown that this unitary negative shock has a stronger negative effect on the CDS_Bank index than a unitary positive shock does. The asymmetry curve is significantly negative immediately after the shock occurs. The opposite adjustment path is observed following a positive and a negative shock to the Treasury bill rate. Indeed, a positive shock to the Treasury bill rate has a negative effect, while a negative shock has a positive effect of greater magnitude. The asymmetry curve is then positive immediately after a shock to the Treasury bill occurs. The positive asymmetry is significant after almost 5 months of the shock date.
As for the reaction of financial services CDS index it reveals that unitary shocks to the 3-month Libor and the oil price imply a short-run response of the financial service CDS index that lasts approximately 10 months, then the level of the financial services CDS index stabilizes with a greater reaction to the 3-month Libor rate than to the oil price. Similar reaction of the financial services CDS index is observed after a shock to the VIX. In contrast, the financial services CDS index react in asymmetric fashion to changes in the federal funds rate and Treasury bill rate. Indeed, a unitary positive shock and a negative shock of the same magnitude to the federal funds rate render the financial service CDS index negative in the short-and long-run while similar shocks to the Treasury bill rate have an opposite effect on the financial services CDS index since the latter increases during the first ten months after the shocks occurrence and then stabilizes.
Coming to the insurance sector CDS index its reaction to the 3-month Libor rate and oil price are similar to those observed for the banking and financial services sector CDS indices.
However, although asymmetric, the reaction of insurance sector CDS index to changes in the federal funds rate, Treasury bill and VIX is different from that of the banking and financial services sector CDS indices. In the short-run (5 months) insurance sector CDS index reacts insignificantly to shocks to the three above mentioned control variables. Starting from the sixth month the reaction of insurance sector CDS index is negative after a shock to the federal funds rate, positive after a shock to the Treasury bill rate and completely vanishes following a shock to the VIX.
Overall, the dynamic multipliers graphs show the symmetric reaction of the three sector CDS Index spreads to shocks to the 3-month Libor rate and the oil price. An asymmetric reaction of the considered sector CDS indices spreads to shocks to the federal funds rate and the Treasury bill rate is also observed. Indeed, sector CDS spreads's reactions are negative following a shock to the federal funds rate and positive following a shock to the Treasury bill rate. Moreover, the reaction of the banking sector and the financial services' CDS indices to VIX is symmetric and significant, while the reaction of the insurance sector CDS index to VIX is insignificantly positive in the short-run and vanishes afterwards.
Conclusion
This paper examines the transmission process which links the financial variables (the 3-month Libor, the 3-month Treasury bill rate, the federal funds rate and VIX) and the energy price (WTI) to the US sector CDS index spreads for the banking, financial services and insurance sectors over the period from January 2004 to May 2014. These variables process information on credit events and pass it on to credit risk measures. Our study period includes the recent world financial crisis which constitutes a turning point in several financial, risk and economic variables. Our approach includes the nonlinear ARDL and error-correction techniques to account for short-and long-run asymmetries and nonlinearity among the variables.
The results link the short-and long-run changes in these financial sector CDS index spreads to changes in the federal funds rate and the 3-month Treasury bill rate. In terms of both the short-and long-run, these U.S short-term interest rates seem to figure highly in gathering information related to elevated credit risk in the United States. Positive and negative shocks to the federal funds rate and the Treasury bill rate have asymmetric impacts on the sector CDS indices in the short-and long-run alike. In addition, positive and negative shocks to VIX are found to be transmitted asymmetrically to the insurance sector's CDS index and symmetrically to those of the banking and financial services sectors in the short-run.
However, WTI does not have any impacts on the short-run dynamics of the CDS's of the banking and financial service sectors, which are less conservative in their investments than insurance companies. The U.S short-term interest rates are more liquid and more sensitive to information on credit events than to WTI in the short-run. Positive and negative unitary changes in the Libor rate have the same impact on those CDS indices in the same time framework
When it comes to the long-run, the three sector CDS indices are not sensitive to the variations in the WTI price in the long-run. The 3-month Libor rate has a differential impact on the three sector CDS indices. It has a significant and positive long-run effect on the financial CDS index and a negative and highly significant long-run effect on the sector CDS index of the insurance companies which are less leveraged and more conservative in their investments than banks, while it has no impact on the banking sector CDS in the long-run.
Banks determine Libor through a daily betting process which means there are no surprises to them in this regard, but this is not the case for the financial services and insurance companies.
On the other hand, negative unitary variations in the federal funds rate and the Treasury bill rate have a significant and positive long-run effect on the three sector CDS indices, probably because they signal that economic downturns are looming ahead. Similarly, negative shocks to the Treasury bill have a significant negative long-run effect on the banking and financial services sectors' CDS indices. However, positive shocks to the federal funds rate and Treasury bill rate do not have any long-run impact on those CDS indices. This shows asymmetric effects for those financial variables. VIX has a significant symmetric positive long-run effect on those indices, while the latter is insensitive to variations in the oil price in the long-run.
To sum up, the 3-month Libor, the federal funds rate, the Treasury bill rate and VIX should be regarded by investors as drivers of the financial sector CDS spreads. These sector CDS indices are thus subject to shocks from the monetary market, central banks, governments and investors' sentiments. Nonlinear modeling is crucial in studying the sensitivity of these sector CDS spreads to financial and energy variables because it allows for quantifying the transmission of positive and negative shocks to those variables and traces their impacts on the CDS spreads. Recent studies on contagion of CDS spreads have shown that the linear modeling is insufficient to capture the asymmetry and nonlinearity in the adjustment process of the US sector CDS index spreads. Therefore, investors and decision makers should be aware of the sources and the types of the shocks that affect the financial sectors' CDS spreads. 
